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LOW FREQUENCY CREEP IN CoNiFe FILMS

by
David S. Bartran, Henry C. Bourne, Jr., L. George Chow

Abstract

This paper presents the results of An investigation'of domain wall motion
excited by slow rise-time, bipolar, hard-axis'pulses in vacuum deposited CoNiFe
filﬁs 15008 - 2000% thick. Surprisingly, the results are consistent with those
of comparable SiFe £ilms in spite of large differences in film prqperties. The
present low-frequency_créep data together with previously published results in
this and other laboratories‘can be accounted for by a model which requires that
the wall structure change usually associated with low-frequency creep be pre-
dominately a gyromagnetié process. The correctness of this model is reinforced
by the obsexrvation that the wall~coetcive force, the planar wall mobility and
the occurrenée of an abrupt wall strucﬁure change are the only properties
cloéely correlated to the creep displacement characteristics of a planar wall

in low dispersion films.

Introduction

lIn a previous-paper'[l] dealing with this phénomenon in NiFe films of similar
thickness, it is shown that for a given hard-axis field -magnitude (~f.6Hk), the
creep displacement is initially ;inear in the amount of easy-axis bias in exceés of
the value necessary to cause‘net:motion. »Aé'the amount of eas&-axis bias field
approaches the conveﬂtional wall motion threshold, the creep displacement increases
at a much faster rate. Eyentually this.threshold is exceeded and continuous wall

motion takes placé. . It is also found that for hard-axis fields in the range
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0.4 < Hh/Hk < 0.8, the conventional wall motion threshold and the creep motion
threshold are well'separated,‘the creep motion is very consistent, not random,
“and the.amount of easy=-axis bias necessary for the onset of creep motion,
(Hé)crit,'is very nearly inde%eﬁdenf of the hard-axis field amplitude. These
features are also characteristic of the data published By other investigators
using similar applied fielast2-6]. |
In order to extend the range of available wall coercive force for continuing

creep studies, nonmagnétostrictive uniaxial CoNiFe films are made. Using pub-
lished melt compositions and éubstrate temperatures [7], the film properties

are remarkably predictable.

Experimental Results

The threshold curves fgr a typiéal CoNiFe sample are shown in Fig..l, and
the creep displacement curvés for several samples-including some NiFe films 4
from a previbus study are shown in Fig. 2. This data is obtained using previously
discussed experimental techniques([l]} The individual displacement curves corres-
pond to bipolar creepiwith_the amplitgde'bf the hard-éxis field in the vicinity’of
0.6 Hk to insure that the fundamental creep transitions have a high probability

of occurrence without other processes interfering.

The general features of the creep threshold curves for NiFe and CoNiFe films

‘are identical with the threshold curve:in Fig; 1 except for the value of (He erit

as long as the creep'threshold is sufficient}y separated from the rotational
threshold curve. If the creep threshold curve inferred from the low coercive
force, low dispe;sion samples lies'ouﬁside of ;he rotational threshsld curve of
the sample being éonsidered, then the observed>cregp threshold will coincide with
rotational threshold becéuse thé‘rotational processes, now able to occur at fields
below the inferred.c?eep threshold, act to assist or even trigger the creep tran-

sition (see Fig. 3). The corresponding displacement characteristics are. not
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affected by the proximity of the rotational threshold.

If the initial slopes of net wall displacement versus easy-axis bias curves,
corresponding to the same degfee of hard-axis excitation, are plotted against
reciprocal wall coercive force (Fig. 4), it is féund that a basic relationship
exists between the rate of wall displacement and.the coercive force of the samples
of this and other reporté [1-6] regardless of composition. The data from Middel-
hoek and two additional NiFe samples, however, are characterized by anomalously
high creep rates.

A low coercive force NiFe film [1], HC= 0.6 oe, agrees perfectly with the
well behaved data although not shown, and the samples from Telesnin et al., are
not shown because the exact wall coercive force was not reported. The source
of ihe NiFe data i; indicated by appropriate superscriéts in the legend of each
figure.

The minimum easy-axis bias necessary for creep motion,(He) » ls presented

crit
in Fig. 5 as a function of wall coercive force. This eritical field is strongly
related to the coercive force, but it tends to saturate with continued increase

in coercive force beyond 4 oe until rotational processes dominate the creep thresh-

old and a unique definition of (H ) is not possible. Contrary to.the dis-

e‘crit
placement data, the creep threshold is especially sensitive to rotational processes
in.addition to the basic wall structure change.

Most of the samples represénted.have nominal wall mobilities of 2 X 103 cm/
oe-sec. These wall mobilities‘are thé high drive Qalues as discussed in the liter-
ature [8]. These films with large,‘high field wall ﬁobili;ies are found to have
correspondingly large creep_ratés.when compared to low &obility films of the same

coercivity explaining why some samples have anomalously high creep rates with

otherwise normal film properties.
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An additional and unexpected feature of Fig. & is that the extrapolaté&
creep rate becomés zero for a large but apparently finite value of coercivity.
Creep is effectively eliminated, however, on a practical level when the creep
threshoids are forced to approach the rotational threshold curve.

Discussion

The experimental results strongly indicate théf the initial slope of the
creep displacement curves for Bloch wall films is directly related to the wall
'mobility and reciprocally relatéd to'the wall coercivity and otherwise inde-
pendent of composition and film.thickness. These results are to be expected if
the low-frequency creep transition is a gyromagnetic process. Further, the
occurrénce of a creep transition is closely linked wi;h the observance of an
abrupt wall structure change.

Hubert's two dimensional wall calculations [9,10] indicate that the transi-
tion from a Bloch to a Néel wall is not smooth because of the incompatibility of
the two structures at the time of the transition. An abrupt structure change
which begins in the magnetiéation con§tituting or soon to constitute the Néel
wall tails 1is consisient withlthe observed direction of wall displacement for
‘a given wall polarity [11].

In addition to the above reéults,.it is found that the creep rate becomes
éero for a'finite'value of coercivity although the cfeep threshold curve becomes

degenerate with the rotational threshold curve before this extrapolated coer-

civity is reached.
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Fig. 3.
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Figure Captions

Creep and wall motion thresholds for a typical CoNiFe sample.

Net creep displacement versus easy-axis bias for several NiFe and
CoNiFe samples. Superscripts in legend indicate data source.

Creep threshold for very high coercive force CoNiFe sample showing
influence of rotational threshold.

Initial slope of creep displacement curves against reciprocal
wall coercivity. Superscripts in legend indicate data source.

Critical value of easy-axis field for het creep motion as a
function of coercivity. Superscripts in legend indicate data source.



[

HENRY C. BOURNE, Jr., was bornm in Tarboro, N. C.,‘on December 31, 1921.
He received the B.S. degree in 1947, the M.S. degree in 1948, and the Sc.D.
degree in 1952, all in electrical engineering, from the Massachusetts Institute

_ of Technology, Cambridge.

He was Assistant Professot of Electrical Engineering at M.I.T. from 1952
to 1954, Assistant and then Associate Professor of Electrical Engineering at the
University of California, Berkeley, until 1956, and then became Professor and
Chairman of the Department of Electrical Engineering, Rice University, Houston,
Texas. He is a consultant to several companies in the area of magnetic devices,
power, and control systems. His current research interests include nonlinear
magnetic devices and ferromagnetic thin films, :

Dr. Bourne is a-member of Tau Beta Pi, Eta Kappa Nu, Sigma Xi, the American
Physical Society, the Society of Engineering Science, and the American Society
for Engineering Education. : v

DAVID S. BARTRAN was born in Miami, Oklshoma on January 24, 1945.
He received the B.S.E.E. degree cum laude from the University of Houston
in 1968. He is presently working toward the Ph.D.’ degree in Electrical

‘Engineering at Rice University, Houston, Texas.

Mr. Bartran is a member of Tau Beta Pi, Phi Kappa Phi, Eta Kappa Nu,
and a student member of IEEE.

L. GEORGE CHOW was born in Taipei, Taiwan, China, on November 20, 1946.

. He received che B.S. degree in Electrical Engineering from the Taiwan Cheng-.
. Kung University, Tainan, Taiwan, China in June 1968. He is currently working

Sowards the Ph.D. degree in ‘the Department of Electrical Engineering, Rice
niversity, Houston Texas.‘: His present research  intere
thin films. ’ . R e R PF ierin_feg:cmagnetic g




Hh/Hk

.04 Hc=6.90e | LT

Hk=22.808 : ST

0.8F agp®l3° wWALL o o
|_%° MOTION @~ . - ..
? (He)crit o L

0.6 |- N\, ST

| Q\ CREEP A

0sf N \

: , \ :

- Oer NOCREEP

» xu ,

it

0.2 o4 06 08
He/Hc

S ol aidth, 2180 = (260 chen

U P, Bk, Bowrmathed



o %Zo.s.l.o'oe'NiFe'
. & Hg=3.3 oe CoNiFe
X H.=6.9 oe CoNiFe

O Hg=13.20e
. . CoNiFe

054

pm /half—cycleJ
‘ o
D
|

o ©O
w
|

N
T
o]

<Azg !
Q

s ol —z 03 0405  h .
: c He/He -0 o oot

A

. _' __1c.ol wildh, k0= 1260 Chan

.:.-;_‘;..,;:4 ..... gw, 'Z. 'Bew'\\m " ,Bowrm y c\\m



LOA_

Hh/Hk

08

06

04

- 02

02 04 06 08

He=I320e 0
i - Hk'27 Ooe
\,

_20 -
\§° .

He/ Hc

L Leolzudll, axino=iz Lb.char,




°

/4
= [pmoc]
o (22]

O
>

CINITIAL SLOPE
N

°N| Fel+recent dota

ACoNlFe .

: .DNlFe o
_XNlFe . ©

*NiFe5 |
Slope :0.5 i m/oe -

oz 04 06 os LQ f'
Hc [oe] ¢

) ed widhh, axlty= 120 char.
o '_ng..z, Bm):yg,,\) Bowrine, Chovo-



~(,Hve)cri‘i [o€]

o
w

O
™

3 "o NiFelsrecent data
- O CoNiFe | -

-
—

X O NlFe
| XNlFe
=) NnFe _

1 1 | { -

) Hc E’e:]

e warL FALE mo thar.
‘F 5 BM\‘A\\,&QW\'V\L Q\f\bw

20 40 60 80 o



Mo y00é-053

LOW FREQUENCY CREEP IN CoNiFe FILMS

by
David S. Bartran, Henry C. Bourne, Jr., L. George Chow

Abstract

This paper preseﬁts the resultslof an investigation:of domain wall motion
excited by slow rise-time, bipolar, hard-axis.pulses in vacuum deposited CoNiFe
films 15004 - 2000} thick. 'Surpriéingly, the results are consistent with those
of comparable NiFe films in spite of large differences in film propefties. The
present low-frequency creep_data together with previously published results in
this and other laboratories can be accounted for by a model which requires that
the wall structure change usually associated with low-frequency creep be pre-:
dominately a gyromagnetic process. The correctness of this model is reinforced
by the observation that the wallicoercive force, theﬁplanar wall mobility and
the occurrence of an abrupt wall structure change are the only properties
closely correlated to the creep displacement characteristics of a.planar wall

in low dispersion films. -

Introduction

In é previous paper [l] dealing w;th this phénomenon in NiFe films Qf similar

. thickness, it is shown that for a given hard-axis field magnitude.(~/.6Hk), the
creep displacement is initially ;inear in the amount of easy-axis bias in excegs of
the value necessary to cause-netimotion. -Aé the amount of eas&-axis bias field
approaches the conventional wall motion threshold, the creep displacement increases
at a much faster rate. Eventually this threshold is exceeded and continuous wall

motion takes placé. It is also found that for hard-axis fields in the range
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0.4'5 H'h/Hk < 0.8, the conventional wall motion threshold and the creep motion
threshold are well separated, the creep motion is very consistent, not random,
and the amount of eas?-axis bias necessary for the onset of creep motion,
(Hé>crit’ is very nearly indeéendeng.of the hard-axis field amplitude. These
features are also characteristic of the data published by other investigators
using siﬁilar applied fiel&th-ﬁ]. |

In order to extend the range of available wall coercive force for continuing
creép studies, nonmagnetostrictive uniaxial CoNiFe films are made. Using pub-
lished melt compositions and substrate temperatures [7], the film properties
are remarkably predictable.

Experimental Results

The threshold curves for a typiéal CoNiFe sample are shown in Fig. 1, and
the creep displacement curves for several samples‘including some NiFe films
from a previéus study are shown in Fig. 2. This data is obtained using previously
discussed experimeﬁtal techniqqes.[ll. The individual displacement curves corres-
pond to bipolar creep with.the amplitgde'bf the hard-éxis field in the vicinity of
0.6 Hk to insure that the fundamental creep transitions have a high probability
of occurrence without other processes interfering. |
The general features of the creep threshold curves for.NiFe and4CoNiFe films

are identical with the threshold curve in Fig. 1 except for the vélﬁe of (He)crit
gs ipng as the creep'tﬂreshold‘is sufficient}y separatéd from the rotational
threshold curve. If the creep threshold curve inferred from the low coercive
force, low dispepsion samples lies outside of the rotational thresh&ld curve of
the sample being éonsidered, then the observed cregp'threshold will coincide with
rotational threshold because the rotational processes, now able to occur at fields

below the inferred creep threshold, act to assist or-even trigger the creep tran-

sition (see Fig. 3). The corresponding displacement characteristics are not
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affected by'the proximity of the rotational threshold.

I1f the initial slopes of net wall displacement versus easy-axis bias curves,
corresponding to the same degree of hard-axis excitation, are plotted against
reciprocal wall coercive force (Fig. 4), it is fﬁund that a basic relationship
exists between the rate of wall displacement andvthe coercive force of the samples
of this and other reports [1-6] regardless of composition. The data from Middel-
hoek and two additional NiFe sarhples, however, are characterized By anomalously‘
high creep rates. |

A low coercive force NiFe film [1], Hc= 0.6 oe, agrees perfectly with the
well behaved data although not shown, and the samples'from-Telesnin et al., are
‘not shown bgcause_the exact wall coercive force was not reported. The source
of the NiFe data ié indicéted by appropriate superscripts‘in tHe legend of each
figﬁre.

The minimum easy-axis bias necessary for creep motion,(He)Cr , 1s presented

it
4 .

in Fig. 5 as a function of wall coercive force. This critical field is strongly

related to the coercive force, but it tends to saturate with continued increase

in coercive force beyond 4 oe until rotational processes dominate the creep thresh-

old and a unique definition of (H') _.
~ e’crit

is not possible. Contrary to the dis-
placement data, the creep threshold is especially sensitive to rotational processes
in addition to the basic wall structure change. "

3 cm/

Most of the.samples represented.have nominal wall mobilities of 2 X 10
oe-sec. These-wall ﬁobilities'are the high drive Qalues as discussed in the liter-
ature [8]. These films with 1arge,.high field wali mobilities are found to have
correspondingly large creep rates when compared to low,ﬁobility films of thetsame

coercivity explaining why some samples have anomalously high creep'rates~with'

otherwise normal film properties.
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An additional and unexpected feature of Fig. 4 is that the extrapolated
creep rate becomes zero for a iarge but apparently finite value of coercivity.
Creep is effectively eliminated, however, on a préctical level when the creep
thresh&lds are forced to approach the rotational threshold curve.

Discussion

The experimental results strongly indicate that the initial slope of the
creep displacement curves for Bloch wall films is directly related to the wall
mobility and feciprocally relatéd‘to the wall coercivity ahd otherwise inde-
pendent of composition and film thickness. These results are to be.expected if
the low-frequency creep transition is a gyromagnetic process. Further, the
occurrence of a creep ﬁransition is Closely linked wi;h the observance of an
abrupt wall structure change.

Hubert's two dimensional wall calculations [9,10] indicate that the'transii
tion from a Bloch to a Néel wall is not smootﬁ because of the incompatibility of
the two structures at the time of'the transition. An abrupt structure change
which begins in the magnetiéation c§n§tituting or soon to constitute the Néel
wall tails is consistent with the observed direction of wall displacement for
a given wall polar;ty [11].

In addition to the above reéults, it is found that the creep rate becomes
zero for a.finite value of coercivity although the cfeep threshold curve becomes
degenerate with the rotational threshold gurve'before this extrapolated coer-

civity is reached.
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Fig. 2.
Fig. 3.
Fig. 4.

rig. 5.

Figure Captions

Creep and wall motion thresholds for a typical CoNiFe sample.

Net creep displacement versus easy-axis bias for several NiFe and
CoNiFe samples. Superscripts in legend indicate data source.

Creep threshold for very high coercive force CoNiFe sample showing
influence of rotational threshold. :

Initial slope of creep displacement curves against reciprocal
wall coercivity. Superscripts in legend indicate data source.

Critical value of easy-axis.field for net creep motion as a

function of coercivity.

Superscripts in legend indicate data source.
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